Introduction
Head and neck squamous cell carcinoma (HNSCC) is a frequently occurring carcinoma with high mortality rates, and approximately 30% arise in the oral cavity, which is characterized by a high degree of local invasiveness and lymph node metastasis. There are approximately 260,000 new cases of oral cavity squamous cell carcinoma (OSCC) and 124,000 deaths worldwide annually. 1 Despite advances in treatments, including adjuvant chemotherapy, radiotherapy, and targeted therapy, the overall 5-year survival rate has not improved significantly during the last two decades. 2 Cervical lymph node metastasis 
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Yao et al is a major determinant of prognosis of OSCC. Approximately 50% of patients were detected with metastasis to regional lymph nodes at the time of diagnosis. 3 Therefore, it is urgent to study the underlying mechanisms of metastasis and evaluate the factors involved in poor prognosis of OSCC.
It is generally believed that epithelial-mesenchymal transition (EMT) plays a key role in tumor progression and metastasis. 4, 5 EMT is a complex process of epithelial cells changing into mesenchymal cells, including modification in cellular construction, morphology, and adhesion. 6 A key event of EMT is loss of E-cadherin expression, which is one of the important adhesion molecules and plays a crucial role in the maintenance of epithelial integrity 7 and overexpression of mesenchymal molecules such as N-cadherin and vimentin. 8 It has been reported that repression of E-cadherin is associated with increased tumor migration and invasion both in vitro and in vivo. 9−11 The expression of E-cadherin is regulated by a variety of transcription factors, including zincfinger E-box binding homeobox 1 (ZEB-1), ZEB-2, Snail, SIP-1, and Twist, 12, 13 which can downregulate the expression of E-cadherin by specifically binding to the E-boxes domain and then inducing EMT in several cancers. 14, 15 ZEB-1 (also called Tcf8, dEF-1, Nil-2-a, Bzp, Areb6, Meb-1, Zfhep) is a member of the ZFH family. ZEB-1 encodes a transcription factor, which plays a critical role in invasion and metastasis of several types of human cancer by inducing EMT. 16 It has been shown that ZEB-1 promotes EMT in several ways by regulating target genes through its protein binding domains, including the Smad interaction domain, CtBP interaction domain, and p300-P/CAF binding domain. 17, 18 In addition, ZEB-1 contains two zincfinger domains at the N-and C-termini, by which ZEB-1 binds E-box-like sequences within the E-cadherin promoter region with high specificity and then regulates the expression of E-cadherin. 19 Downregulation of E-cadherin by the aberrant expression of ZEB-1 has been revealed in several human cancers, including lung cancer, colorectal cancer, breast cancer, prostate cancer, and pancreatic cancer. 20−24 In OSCC, it is well documented that reduced E-cadherin expression will lead to the loss of epithelioid cell morphology and significantly relates with nodal metastasis, advanced stages, and poor prognosis. 25 Till date, limited opinions about the clinical significance of ZEB-1 expression and its relationship with E-cadherin have been reported in OSCC.
The aim of this study was to investigate the expression of ZEB-1 and E-cadherin in OSCC by immunohistochemistry (IHC) and analyze their relationship with the clinicopathological parameters. Moreover, we present evidence showing that overexpression of ZEB-1 and loss of E-cadherin expression are significantly correlated with poor survival in OSCC patients and that ZEB-1 expression might serve as an independent prognostic biomarker of OSCC.
Materials and methods

Patients and tumor samples
The Human Ethics Committee of Affiliated Cancer Hospital of Tianjin Medical University approved the study. Written consent for using the samples for research purpose was obtained from all patients prior to surgery.
A total of 120 cases of primary OSCC were diagnosed over a period of 5 years (2005−2010) at Tianjin Medical University Cancer Institute and Hospital. Primary tumors were confirmed by both preoperative and postoperative pathologic examinations, and formalin-fixed paraffin-embedded blocks of those tumors were used in this study. For each patient, data regarding the following clinicopathological factors were collected: gender, age, smoker, alcohol, tumor site, clinical T stage, pathologic differentiation, lymph node metastasis, and recurrence. The stage of disease was determined after the surgical resection of the tumor according to the tumornode-metastasis classification criteria for malignant tumors (International Union Against Cancer). 26 
Treatments
All patients had received radical resection of tumor and neck lymph node dissection. Patients without clinical nodal metastasis underwent selective neck dissection, involving levels I−III. Patients with clinical nodal metastasis underwent radical neck dissection, involving levels I−V, and contralateral neck dissection was done if primary tumor involved the median line or if contralateral neck lymph node metastasis was suspected. Patients with poor prognostic factors were treated with postoperative radiotherapy or chemoradiotherapy.
immunohistochemistry
The streptavidin-biotin-peroxidase immunohistochemical staining method was used in this study. Four-micrometer sections of formalin-fixed paraffin-embedded tissue were mounted on poly-l-lysine-coated slides. The slides were deparaffinized, and then endogenous peroxidase activity was blocked with 3% hydrogen peroxide in 50% methanol for 10 min at room temperature. The slides were rehydrated and washed with phosphate-buffered saline (PBS) and then pretreated with citrate buffer (0.01 M citric acid, pH 6.0) for 20 min at 100°C in a microwave oven. After nonspecific 
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Clinicopathological significance of ZEB-1 and E-cadherin proteins in OSCC binding sites were blocked by incubating in 2% normal goat serum in PBS for 15 min at 37°C, the slides were incubated overnight at 4°C with the primary rabbit ZEB-1 antibody (dilution 1:100; Abcam) and rabbit E-cadherin antibody (dilution 1:200; Abcam). The slides were washed with PBS and incubated with biotin-labeled secondary antibody (dilution 1:100; Zhongshan Biotechnology) for 1 hour at 37°C and then incubated with avidin-biotin-conjugated peroxidase and diaminobenzidine (Zhongshan Biotechnology), and counterstained with hematoxylin. Slides were dehydrated with different concentrations of alcohol and soaked in xylene, and then mounted with neutral balsam and visualized using light microscope.
Evaluation of immunohistochemistry
The results were evaluated by measuring both the staining intensity and the number of positive cells. The intensity of the positive reaction was scored as negative (0), weak (1), moderate (2) , and intense (3), and reactivity was assessed by the percentage of positively stained cells as 0%−5% positive cells (0), 6%−25% positive cells (1), 26%−50% positive cells (2), 51%−75% positive cells (3), and 75%−100% positive cells (4) . The scores for the intensity and the percentage of positive cells were multiplied to work out at a weighted score for each case, giving a minimum-to-maximal score of 0−12. The expressions of ZEB-1 and E-cadherin were dichotomized to low (0−6) and high (7−12) values for outcome analyses.
Quantitative real-time polymerase chain reaction
Twenty pairs of OSCC specimens and corresponding adjacent nontumorous tissues were collected and stored in liquid nitrogen until RNA extraction. Total RNA was extracted by using Trizol (Invitrogen) according to the manufacturer's protocol. cDNA was synthesized from 1 μg of total RNA using the RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific). The mRNA expression of ZEB-1 and E-cadherin was determined using SYBR green-based real-time polymerase chain reaction (RT-PCR) on a PikoReal RT-PCR System (Thermo Fisher Scientific). The primer sequences for ZEB-1 and E-cadherin were designed as follows: ZEB-1 sense primer 5′-AGACATGTGACGCAGTCTG-3′, antisense primer 5′-ATGTGTGAGCTATAGGAGC-3′; E-cadherin sense primer 5′-AGGGGTTAAGCACAACAGCA-3′, antisense primer 5′-GGTATTGGGGGCATCAGCAT-3′. GAPDH gene was used as an internal control. The primers were 5′-ATGTTCGTCATGGGTGTGAA-3′ and 5′-GGTGCT AAGCAGTTGGTGGT-3′. A melting curve analysis was performed to monitor PCR product purity and the 2 -ΔΔCt method was used to quantify the expression of the ZEB-1 and E-cadherin genes.
statistical analysis
Data were analyzed using IBM SPSS software version 21.0. The interrelationship of ZEB-1 and E-cadherin expression with clinicopathological parameters was analyzed by the χ 2 test or Fisher's exact test. Spearman's correlation test was used to analyze the correlation between ZEB-1 and E-cadherin expression. Kaplan-Meier and log-rank tests were used for univariate survival analysis. Cox proportional hazards model was used for multivariate analysis. For all tests, differences were considered as significant at the value of P,0.05.
Results
Characterization of OSCC patients
As shown in Table 1 , among the 120 OSCC patients, 75 were males (62.5%) and 45 were females (37.5%). The age 
Expression of ZEB-1 and E-cadherin in Oscc
Using immunohistochemical staining, we evaluated the biological significance of ZEB-1 and E-cadherin in OSCC tissues. ZEB-1 staining was mainly located in the cellular nuclei of tumor cells, and E-cadherin was observed predominantly in the cellular membranes. The typical immunohistochemical expression patterns of ZEB-1 and E-cadherin are shown in Figures 1 and S1 . Of 120 patients, 64 (53.3%) had a high IHC reactivity score for ZEB-1, and 53 (44.2%) had a high IHC reactivity score for E-cadherin. All noncancerous oral squamous epithelial cells were ZEB-1 negative, and out of the positive samples, 26 (40.6%) cases were detected in the tumor infiltrative margin. E-cadherin was detected in the tumor cells and the normal squamous epithelial cells, and tumor cells with a staining intensity equal to or greater than that of normal oral squamous epithelial cells were considered to show positive expression, and those with a weaker staining intensity than normal oral squamous epithelial cells or with no expression at all were considered to show reduced expression. Twenty (37.7%) cases with the loss of E-cadherin expression were detected in the tumor infiltrative margin.
The results of quantitative RT-PCR also confirmed that the relative expression level of ZEB-1 mRNA in OSCC was significantly higher than that in adjacent noncancerous tissues, and E-cadherin mRNA expression was lower in OSCC than in adjacent noncancerous tissues. The relative expression levels of ZEB-1 and E-cadherin mRNA are shown in Figure 2 .
Relationship between ZEB-1 and E-cadherin expression and clinicopathologic parameters
As shown in Table 2 , when we compared ZEB-1 and E-cadherin expression by clinicopathological factors, we found that positive expression of ZEB-1 was significantly associated with recurrence (P=0.008), lymph node metastasis (P=0.000), and pathologic grading (P=0.000), and loss of E-cadherin was significantly associated with lymph node metastasis (P=0.003) and pathologic grading (P=0.004). Further analysis revealed that reduced E-cadherin expression was detected in 48 of 64 cases with positive ZEB-1 expression. There was a negative correlation between positive ZEB-1 expression and reduced E-cadherin expression (P=0.000).
Univariate and multivariate analyses for recurrence and survival
The results of univariate and multivariate analyses of factors affecting patient outcomes are shown in Table 3 . Poorer differentiation, lymph node metastasis, positive ZEB-1 expression, recurrence, and reduced E-cadherin expression were significantly associated with poor overall survival (OS). In multivariate analysis, increased ZEB-1 expression and recurrence remained independent prognostic factors. In particular, patients with both ZEB-1 positivity and loss of E-cadherin expression had a poorer prognosis.
Prognostic impact of ZEB-1 and E-cadherin expression
At the conclusion of the study, 57 patients (47.5%) were still alive, while 63 patients (52.5%) died. The 5-year OS of patients was 68.3%. Figure 3A -C shows the OS curves after surgery according to ZEB-1 and E-cadherin expression. Specifically, Figure 3C displays that the 5-year OS rates were significantly poorer in the ZEB-1 positive and loss of E-cadherin expression groups than in other expression groups (P=0.000). Figure 3D -F shows that patients with moderate/ poor differentiation, lymph node metastasis, and recurrence have worse prognosis.
Discussion
Metastasis is the primary cause of death in most cancer patients. This process involves modification in cellular construction and morphology, which promotes invasion and metastasis, and is regulated by a mechanism known as EMT. EMT is a complex process involving many pathways, and decreased expression of E-cadherin is a key event which can induce the loss of adhesion among epithelial cells. 7 Loss of E-cadherin in HNSCC has been shown to correlate with EMT and with poor patient prognosis. 10 In the present study, we found that the E-cadherin protein was significantly decreased in 44.2% of OSCC specimens, and loss of E-cadherin was significantly associated with lymph node metastasis and 
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Clinicopathological significance of ZEB-1 and E-cadherin proteins in OSCC pathologic grading, which is consistent with those reported by a previous study. 25 ZEB-1 is one of the transcription factors that can downregulate E-cadherin expression. Previous studies showed that ZEB-1 overexpression was significantly correlated with aggressiveness and poor clinical prognosis, as indicated by increased metastasis and posttreatment recurrence in other human malignancies. 27, 28 Consistent with this finding, our study showed that ZEB-1 was overexpressed in 53.3% of OSCC specimens, and the expression was significantly submit your manuscript | www.dovepress.com
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Yao et al Figure 2 The relative expression levels of ZEB-1 and E-cadherin mRNA. Notes: (A) ZEB-1 mRNA in OSCC was significantly higher than that in adjacent noncancerous tissues; (B) E-cadherin mRNA expression was lower in OSCC than in adjacent noncancerous tissues. *P,0.05. Abbreviations: ZEB-1, zinc-finger E-box binding homeobox 1; E-cad, E-cadherin; OSCC, oral cavity squamous cell carcinoma. Abbreviations: ZEB-1, zinc-finger E-box binding homeobox 1; OSCC, oral cavity squamous cell carcinoma. 
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Clinicopathological significance of ZEB-1 and E-cadherin proteins in OSCC associated with recurrence, lymph node metastasis, and pathologic grading. Ho et al 29 reported that depletion of ZEB-1 by lentiviral-mediated knockdown reversed the arecoline-stimulated oncogenicity including migration, invasion, and clonogenicity of OSCC cells both in vitro and in vivo, and the level of ZEB-1 expression was higher in recurrent OSCC tumor samples but lower in primary lesions. We also showed that the positive rate was higher in recurrent patients. Therefore, ZEB-1 may serve as a relapse marker in OSCC.
Lose of E-cadherin expression has been continually reported in OSCC, especially about its role in tumor invasion and migration. However, the expression of ZEB-1 in OSCC was not widely investigated in these reported studies. Haddad et al 30 reported that ZEB-1 manipulated the mesenchymal phenotype in HNSCC. However, the underlying mechanism is unknown. Our study thoroughly examined the expression of ZEB-1 and E-cadherin in OSCC, and we analyzed the relationship with clinical factors, including patient prognosis. The result showed that increased ZEB-1 expression was (A and B) shows the overall survival curves after surgery according to ZEB-1 and E-cadherin expression; (C) displays the 5-year overall survival rates were significantly poorer in the ZEB-1 positive and loss of E-cadherin expression group than in other expression groups; (D-F) shows that patients with moderate/poor differentiation, lymph node metastasis and recurrence have worse prognosis. Abbreviation: ZEB-1, zinc-finger E-box binding homeobox 1.
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Yao et al associated with reduced expression of E-cadherin, which was consistent with other studies. Those findings demonstrated that overexpression of ZEB-1 increased migration and invasiveness of OSCC through suppressing E-cadherin expression. In this study, we also found that overexpression of ZEB-1 and reduced expression of E-cadherin were significantly associated with poor prognosis. Particularly, when compared with other groups of patients, the subgroup of patients with upregulated ZEB-1 and downregulated E-cadherin was more prone to metastasis and showed the worst prognosis than other groups.
Local invasion and metastasis are important prognostic factors in patients with OSCC. It has been reported that different parts of the tumor tissue often exhibit great heterogeneity, including aberrant expression of some cell molecules. 31 Bryne et al 32 first proposed the invasive tumor front (ITF) concept, which was defined as the most progressed 3−6 tumor cell layers or detached tumor cell groups at the advancing edge of the tumor. Piffko et al 33 had observed that tumor cells at the most invasive parts of OSCC differed substantially from center and superficial ones. It is believed that more information can be obtained from ITF where the most aggressive tumor cells are present and where crucial molecular interactions take place. 32 EMT has also been previously reported to occur at the ITF, and principal characters can be indicated by the expression of specific proteins, including the loss of E-cadherin expression. 34 Wang et al 35 found that reduced expression of E-cadherin at the ITF influenced disease-free survival, and a statistically significant correlation was observed between E-cadherin loss at the ITF and poor survival of OSCC patients. To our knowledge, no studies have yet been performed to analyze the expression of ZEB-1 at the ITF of OSCC. In human prostate cancer, Sethi et al 36 reported that ZEB-1 showed higher expression at the ITF than at the center of the tumor. In the present study, we found that the altered expression of ZEB-1 and E-cadherin was prominent at the ITF than at the center of the OSCC. Indeed, we observed a trend where overexpression of ZEB-1 (40.6%) and loss of expression of E-cadherin (37.7%) at the ITF were associated with poor prognosis, although this did not reach statistical significance. These data suggest that overexpression of ZEB-1 and loss of E-cadherin expression at the ITF are important events in the progression of OSCC, so further studies are necessary to examine the role of ZEB-1 and E-cadherin at ITF as useful markers of OSCC in larger patient samples.
Conclusion
In summary, positive expression of ZEB-1 and decreased expression of E-cadherin are frequently detected in OSCC by IHC, and the abnormal expression is associated with lymph node metastasis and pathologic grading. Moreover, our study found that patients who have higher ZEB-1 and lower E-cadherin expression would have worst prognosis. Thus, further studies are necessary to confirm that these two are promising markers for prognostic prediction in OSCC.
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